The paper demonstrates a de-embedding technique and a direct on-substrate measurement technique for fast and inexpensive characterization of miniature antennas for wireless applications at millimeter-wave frequencies. The technique is demonstrated by measurements on a tapered slot antenna (TSA). The measured results at Ka-Band frequencies include input impedance, mutual coupling between two TSAs and absolute gain of TSA. I.JE_tQ_[_T.J.0_: Several emerging wireless applications, such as, local multipoint distribution services (LMDS) at 28 GHz, fixed wireless broadband local distribution service at 38 GHz and indoor local area network at 60 GHz require low cost printed circuit antennas for communications [1]. These antennas are characterized for their votage standing wave ratio (VSWR) bandwidth and directional gain by measuring the reflection coefficient using a calibrated automatic network analyzer (ANA), and the received power in a calibrated antenna test range, respectively. Some antenna designs may even require a knowledge of the mutual coupling between elements in an array. In order to interface the antenna to the test equipment for measurements a custom built test fixture with a launcher, which at lower millimeter-wave (mm-wave) frequencies is of coaxial type while at higher mm-wave frequencies is of waveguide type, is necessary [2]. In addition these antennas may have a slot line, or a coplanar stripline (CPS), or a coplanar waveguide (CPW) based feed network for simple and efficient feeding [3]. For example, a Vivaidi antenna has a slot line feed. Hence for characterization in addition to the custom test fixture an integral printed transition between the antenna feed line and the coaxial or rectangular waveguide launcher is also required. These transitions and fixtures which are inevitable for measurements impose several limitations. First, the input impedance and the VSWR bandwidth determined at the plane of the test fixture by the ANA is the overall response of the transition, the feed network and the antenna. Therefore these measurements do not present the true antenna characteristics. Second, the uncertainty introduced by the interaction between the test fixture and the antenna is difficult to predict at mm-wave frequencies. Third, the bandwidth of the transitions are typically limited to a few GHz at mm-wave frequencies. Therefore several transitions and fixtures may be required to cover the desired frequency band resulting in high cost. Furthermore, it has been experimentally demonstrated that a coaxial launcher coupled with the CPW feed line can introduce serious
modingproblems [4] .
In this paperwe demonstrate a de-embedding techniqueanda directon-substrate measurement techniquefor characterizing mm-wave printed antennas. To the best of our knowledge this demonstration is the first of its kind for printed antennas. The above technique require a pair of ground-signal microwave probes (Picoprobe Model 40A, pitch = 10 mils), a wafer probe station (Cascade Model 42), and an ANA (HP8510C). This characterization technique eliminates the need for custom test fixture and antenna feed network consisting of transitions to microstrip line. Therefore, this technique is extremely accurate, fast and inexpensive when automated for repeated measurements. This technique is also very versatile and is adaptable to most printed antennas; however, for demonstration purpose we have chosen a short tapered slot antennas ('I'SAs). Short antennas are essential for mobile wireless applications for achieving compactness. The TSA is chosen because of its high gain, wide bandwidth and simple uniplanar construction. The TSAs that are included in this demonstration are the linearly tapered slot antenna (LTSA) and the Vivaldi antenna (VA). The results presented are the input impedance of a LTSA, the mutual coupling between two LTSAs in close proximity and the gain of a VA. The input impedance is determined by the de-embedding technique while the mutual coupling and gain are determined by the direct on-substrate measurement technique.
II._
LAYOUT: 
5
The gain for a VA as determined from the measured IS211 as a function of the frequency is shown in Fig. 6 . The measurements are performed over the LMDS frequency band. Since the electrical length of the VA increases with frequency, the gain also increases with frequency. The gain for a single element is on the order of 11 dB which is typical for a VA.
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